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Abstract—The work is devoted to the actual problem of 
landslide prediction in the mountain zone and the development 
of measures for engineering protection of the landslide 
hazardous area. The main task of the presented work was to 
calculate the stability of the landslide slope within the Min-
Kush village of the Jumgal district of the Naryn region of the 
Kyrgyz Republic. A preliminary assessment of the natural 
factors of the development of landslide processes on the 
territory of the Jumgal district was carried out, danger zones 
were identified and predictions were made on the possible 
activation of the landslide process. Engineering protection 
measures for the studied area are recommended 
Keywords—landslide; prediction; mountain; engineering 
protection 
I. INTRODUCTION 
The Kyrgyz Republic covers an area of 198.8 thousand 
km
2
, of which 5.3 % – forests, 4.4 % – lakes and rivers, 
54.1 % – agricultural lands, 36.2 % – other. About 96 % of 
its territory is located more than 1000 meters above the sea 
level. About 30 % of the territory of the Kyrgyz Republic is 
habitable, and 70 % of the territory refers to high mountains. 
The territory of the Kyrgyz Republic is subject to more than 
20 kinds of dangerous natural processes which cause natural 
disasters like earthquakes, landslides, floods, stone falls, 
avalanches, etc., therefore, it is considered the most 
dangerous area of Central Asia. 
Landslide processes are among the most common natural 
hazards in the territory of the Kyrgyz Republic [1, 2].  
Currently, there are about 5000 modern landslides in the 
Kyrgyz Republic. According to the information of Ministry 
of Emergency Situations of the Kyrgyz Republic, more than 
509 settlements can be affected, and more than 10000 
families live in endangered houses. Emergency situations 
associated with the activation slide processes comprise 
8.53% of the total number of the registered emergencies. In 
connection with the intensification of interacting modern 
geodynamic movements, seismicity, rising groundwater 
levels, anomalous amount of precipitation, engineering and 
economic activity of people in mountainous areas, the 
number of landslides increases annually. Soil erosion on 
mountainous slopes, which is caused by the overgrazing of 
pastures, is considered the main reason for the increase in the 
numbers of landsides in recent years. 
In Naryn region there are from 8 to 47 emergency 
situations per year, on average, their number is 15–16. Man-
made emergencies make up 12.7 %. Among emergency 
situations of natural nature, the following accidents prevail: 
caused by avalanches (21.1 %), dangerous meteorological 
phenomena (15.7 %), mudflows and floods (16.2 %), 
earthquakes (8.3 %), landslides and stone falls (6.9 %). 
About 5 % of the territory of the Jumgal district in the 
mountain areas is represented by permafrost, where 
geocryogenic-hazardous phenomena are developed: soil 
swelling, solifluction, frost cracking of soils, etc. In the 
Naryn region, landslide processes are developed in the 
foothill zones bordering the bottoms of the intermontane 
depressions of the Atbashyn, Jumgal, Kochkor, Kara-
Kudzhur, Alabuga-Naryn, and along the valley of the Naryn 
River. Most of the sectors have a small and very small 
degree of damage.  
On the territory of the Naryn region, mainly the third 
degree of landslide hazard has been identified with a rare 
spread of landslides, which became more active in 
abnormally wet years. The volumes of landslide bodies vary 
from several hundred to several million cubic meters, large 
landslides are usually confined to zones of tectonic 
disturbances. 
The formation of landslides depends on the geological 
structure and engineering-geological properties of rocks, 
relief, causing the stability of mountain slopes. Waterlogging 
of slopes, lack of vegetation, active geodynamic, seismic and 
man-made modes of influence cause the activity of 
landslides [3–5]. 
Due to the expected increase in groundwater level, 
precipitation and activation of seismic processes in recent 
years, the probability of landslide processes increases. 
Currently, the danger is a large modern landslide, formed in 
the spring of 2004 on the right bank of the Tuyuk-Suu river 
valley near the village of Min-Kush in the Jumgal district 
with a volume of unstable rocks of about 1 million m
3
. The 
given landslide at its displacement can form a damming dam 
up to 20 meters high and a dam lake with a volume of 250–
300 thousand m3. Active landslides exist on the Kyzyl-Bel 
pass along the Naryn-Torugart road and in the valley of the 
Min-Kush River.  
The second-degree zone of landslide risk takes 0.8% of 
the area of the area on the map-scheme of the typological 
engineering-geological zoning of the landslide hazard (Fig. 
2) in a designated typological area of the category I 
vulnerability in the area of the village of Min-Kush. On the 
typological region of category II vulnerability, a first-risk 
zone occupying 6% of the area is developed on the slopes of 
the Moldo-Too, Suusamyr-Too, and Jumgal-Too ranges. The 
zone of the second degree of risk is developed in the central 
part of the district at 9% of the area of the district. Up to 69% 
of the area on mountain slopes refers to a typological region 
of category III vulnerability with the first degree of risk from 
exogenous slope processes and phenomena, including stone 
falls, landslide landslides and debris. 
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 Fig. 1. Map of emergency forecasting on the territory of Jumgal district. 
In the village of Min-Kush, landslides threaten residential 
buildings, the office equipment factory, power transmission 
towers, and engineering communications. In 2010, landslides 
were activated on the site of the Min-Kush – Dalniy Min-
Kush road. The danger was eliminated by partially unloading 
the landslide. The landslide masses to the west of the village 
of Min-Kush squeeze the channel of the Min-Kush River to 
the Aral – Min-Kush road and undermine the coast with the 
threat of the road. 
The aim of this work was to predict landslide phenomena 
within the Min-Kush village of the Jumgal district of the 
Naryn region of the Kyrgyz Republic and recommend 
engineering protection measures. 
II. EXPERIMENTAL 
For the design of retaining structures and determining 
their location on the landslide slope, the calculation of 
landslide pressure is necessary. The methods of landslide 
hazard calculation were developed by N.M. Gersevanov, 
N.N. Maslov, G.M. Shakhunyants, L.K. Ginzburg, M.N. 
Golshtein, O.I. Bileush, M.G. Demchishyn [6]. We decided 
to apply the Maslov and Shakhunyants methods, based on 
calculation of stability coefficient and landslide pressure. 
During this study, the landslide under investigation was 
divided into 6 blocks to determine the most likely location of 
the retaining wall. For this purpose, the stability of the 
landslide pressure was calculated, which was produced 
according to the method of the leaning slope of 
Shakhunyants.  
It is known that the displacement of loose Quaternary 
sediments, which form the landslide body, occurs along the 
roof of the underlying, more durable rock – limestone and 
clay sandstones. In this case, it is advisable to determine the 
shear surface as a broken straight line, and to break the entire 
soil mass by breaking points into a series of simple 
trapezoidal compartments, which was realized in the present 
work. 
To calculate the landslide pressure, the method of 
horizontal forces of N.N. Maslov is usually used [7]. This 
method is used in cases where the slope is composed of 
heterogeneous soils and the displacement of soils occurs 
along a known sliding surface. 
 
Fig. 2. Calculation scheme of slope stability for a block. 
Landslide pressure calculation in this work was 
performed by the following scheme (Fig. 2). 
1. The weight of each block Pi was determined by the 
formula: 
Pi = Vi ∙ γ,      (1) 
where Vi is the volume of the block, m
3; γ – specific weight 
of soil, kN/m
3
. 
2. The normal Ni and tangent Ti components of each 
block weight were calculated: 
Ni = Pi ∙ cosα,     (2) 
Ti = Pi ∙ sinα.     (3) 
3. The pressure on the vertical wall of the block H in the 
absence of holding forces (angle of internal friction φ = 0 
and specific cohesion c = 0) in the soil was determined by 
the formula: 
H = Pi ∙ cosα ∙ sinα.    (4) 
4. The pressure H was decomposed into two parts R 
(pressure on a vertical wall if φ ≠ 0, c ≠ 0) and E (active 
pressure), using the following dependencies: 
R = P ∙ cos2α ∙ tg𝜓,    (5) 
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tg𝜓 = tgφ + C/v,    (6) 
v = (P ∙ cosα)/l = N/l,     (7) 
E = H – R,     (8) 
where ψ is angle of shearing resistance. 
5. Calculated landslide pressure (Els) was determined 
taking into account the normalized value of the stability 
factor (Кst = 1.2): 
Els = E ∙ Кst.     (9) 
6. The landslide stability coefficient was determined by 
the formula: 
Kst = ∑R/∑H.    (10) 
The slope stability assessment is carried out in 
accordance with Russian regulatory document [8] by the 
following condition: Kst ≥ [Kst], [Kst] is normalized slope 
stability coefficient. 
Further, the plot of landslide pressure was drawn, setting 
the ∑Els values according to the selected scale down the 
vertical scale from the block dividing line. The most 
probable location of the retaining structure was determined 
taking into account the fact that the retaining wall should 
perceive the minimum landslide pressure and ensure the 
stability of the slope located below the structure. 
III. RESULTS AND DISCUSSION 
The results of the calculations are presented in Table I. 
TABLE I.  CALCULATION RESULTS 
Block number Р (kN) N (kN) Т (kN) Н (kN) R (kN) Е (kN) Еls (kN) ∑ Еls (kN) ∑Н (kN) ∑R (kN) 
1 2867 1433 2485 1241 535 707 848 848 1241 535 
2 7166 3583 6206 3103 969 2134 2561 3409 4344 1504 
3 9701 7431 6235 4777 3389 1388 1666 5074 9121 4892 
4 11348 8693 7294 5588 2997 2591 3109 8184 14709 7889 
5 13186 12391 4510 4238 5007 -767 -923 7261 18946 12896 
6 6552 6157 2241 2106 2661 -556 -667 6594 21052 15557 
 
Calculations have shown that the slope is in an extremely 
stressed state, since stability factor is 0.95. Thus, the main 
measure for the stabilization of the landslide and the 
engineering protection of the area being characterized is the 
construction of a retaining wall. The calculation performed in 
the work allowed to determine its location. The most rational 
will be its location in the area of the block № 3. 
IV. CONCLUSION 
In this work, the assessment of landslide hazard in the 
Min-Kush village of the Jumgal district of the Naryn region 
of the Kyrgyz Republic was made.  
The stability of the landslide slope within the boundaries 
of the village Min-Kush was calculated. Calculations have 
shown that the slope is in an extremely stressed state, since 
the stability coefficient is 0.95 and the main measure for the 
stabilization of the landslide and engineering protection of 
studied area is the construction of a retaining wall. Based on 
the calculation performed, the location of the retaining wall 
was determined. 
On the other hand, an analysis of the real situation 
showed that the construction of a retaining wall is not 
economically feasible. Due to the huge size of the landslide, 
the volume of which is approximately 1.0 million m
3
, it is 
advisable to carry out regular preventive measures and to 
protect the valley of the Tuyuk-Suu River, in the place where 
this landslide-prone is being cut. 
Thus, the data obtained indicate the effectiveness of the 
use of nanodispersed iron powders separately, and especially 
in combination with boric acid as filler for epoxy resin in 
order to improve the fire hazard characteristics of the epoxy 
composites. 
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